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The present invention relates to auscultation, and in particular the invention 
relates to a sensor for picking up sound generated in an animal or human body, 
including conversion to an electrical output signal. The invention also relates to a 
complete electronic stethoscope. 

Stethoscopes based on acoustical principles are previously well known and 
in comprehensive use. Traditional acoustical stethoscopes with supplementary 
electronic amplification are also previously known. Hydrophones for recording 
sound from animals under water, are known from biological studies of sea 
animals. Such techniques constitute a background for the present invention, and 
these techniques can be considered in the following manner: 

Traditional stethoscopes are based on sound carried through the air and 
through some sort of hose or tube. This is connected with a transmission of sound 
waves from body tissue to air. Compression of air is sensed in the listener's ears. 
Sometimes there is a diaphragm in the front end of the apparatus, however there 
is still a transmission to air. The so-called Littman stethoscopes are examples of 
this type of technique. 

Traditional stethoscopes are sometimes supplemented with microphones 
picking up the airborne sound in order to amplify it electronically. In this case 
there is also a transmission of sound from the body tissue to air, and from the air 
to various types of microphone sensors. Examples of manufacturers of such 
stethoscopes are Littman and Ariel, and there are also Japanese manufacturers. 

The present applicant has previously produced a stethoscope transducer 
with a pin or peg of a hard material that is brought to direct contact with skin, in 
such a manner that sound is transferred directly from the body tissue through the 
hard peg material and into the sensor. 

Further, hydrophones for picking up sound in water from animals, ground 
formations and machine constructions, are well known. Such hydrophones cannot 
be used for diagnostic purposes in connection with humans and animals, neither 
inside nor outside a living body. 

Ultrasound tools are utilized to a large degree within the field of diagnosis, 
and these tools often use a type of viscous contact toward the skin. However, the 
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viscous contact is usually constituted by a type of gel f i.e. a gel that does not 
constitute part of the tool itself, however a gel that is applied to e.g, the skin prior 
to placing the tool in toward the skin. 

I; 

From US patent no. 4,672,976 in the name Kroll, there is previously known 

5 a means for listening for heart sounds, adapted to be placed on the body of a* 
patient, and for detecting low frequency sound waves. This means is equipped 
with a flexible diaphragm for direct contact to the skin and to adapt to the body 
contours. A fluid fills an inside volume in the housing of the means, and inside the 
fluid there is a hydrophone unit. The point of the Kroll means is to provide a good 

io coupling all the way into the hydrophone by minimizing acoustical differences 
between the body tissue and the materials in the listening means. It is also stated 
to be an important point that the fluid that surrounds the hydrophone, is a bubble- 
free, liquid medium or a "hydrophobic gel". 

The same Kroll is aisO a co-inventor in US patent no. 4,947,859, in the 

i$ name Brewer et al, in which patent the same idea as mentioned above, is 

elaborated further, in US 4,947,859 the sound transducer is developed further, a 
polymer material is used instead of a liquid solution or gel around a centrally 
arranged sensor unit in a deyice similar to a "puck", which device can be placed 
resting on the skin of a patient. The polymer material is substantially acoustically 

20 adapted to the body tissue. The two patents show clearly that it is previously 
known to utilize an adaptation material intended to imitate the body tissue with 
regard to acoustical characteristics. However, it is noted that the adaptation does 
not go further than that. Thejsensor unit imbedded in the bulk polymer will for 
instance be influenced by sound from everywhere, and it will not have any 

25 directivity or amplification ability. The listening means of Brewer et al is so soft 
that it can be shaped after thfe body where it is desirable. This is not an advantage 
in any connection, in some cases there is a point to having e,g. a rigid diaphragm 
in close engagement with the skin. Brewer et al are dependent on making signal 
processing outside "the puck'\ and the listening device construction provides no 

30 screening against inward radiated electrical noise. 

The present invention has been conceived to eliminate or alleviate the 
disadvantages burdening the prior art, such as explained above. Thus, in accor- 
dance with the invention there is provided in a first aspect of the invention, a 
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sensor for picking up sound from a body , comprising an acoustoeJectric trans- 
ducer member for converting sound vibrations to electrical output signals, and 
a viscoelastic unit arranged as an adaptation medium between a body surface and 
the transducer member, and iri such a manner that a front surface of the visco- 

5 elastic unit is arranged to be brought to direct engagement with the body surface 
The sensor is characterized in that the acoustoetectric transducer member is 
constituted by at least one piezoelectric member surrounding tightly the lateral 
surface of the viscoelastic unit, the viscoelastic unit having a cylindrical outer 
shape, and that the viscoelastic unit engages tightly in its rear end area a hard 

io back piece. 

In one embodiment of the invention, the acoustic transducer member is 
constituted by two concentrically arranged piezoelectric foils, possibly having an 
electrically conductive foil therebetween. Such an intermediate electrically 
conductive foil may be constituted by a double-sided adhesive and electrically 
i5 conductive tape. 

In one embodiment, the piezoelectric foil can be constituted by a flat foil laid 
around the viscoelastic unit in such a manner that adjacent edges are fixed by an 
adhesive tape. Alternatively, the piezoelectric foil may have a cylindrical shape, 
and can be threaded tightly onto the viscoelastic unit 
20 In an alternative embodiment of the sensor, the acoustic transducer 

member is constituted by a ceramic ring with a piezoelectric effect. 

In a preferred embodiment of the invention, the back piece and the 
viscoelastic unit have in the rear end area precisely complementary shapes 
comprising an interface that is substantially conically shaped and pointing in a 
25 forward direction. 

The sensor defined above, finds a favorable use as a sensor element in an 
electronic stethoscope. 

In another embodiment of the invention there is provided an electronic 
stethoscope comprising a head set with ear phones having loudspeakers, a hand- 
30 held sound pick-up module with, a sensor element and electronic amplifier circuitry, 
as well as a connection lead between the module and the headset, and this 
electronic stethoscope is characterized in that the sensor element is a sensor such 
as defined in the most general manner above. 
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Sounds produced in a natural manner, e.g. in a human body, are pressure 
variations in tissue that mostly contains water. Sound arises in various organs and 
their movements, compressions, expansions as well as from fluid streams in the 
body. These sounds are scattered through the body, and frequencies measured 
$ in a certain place will depend both on the sound source and the various 

attenuation and amplification; possibilities found inside the body. The purpose of 
the viscoelastic sensor in accordance with the invention is to transfer the sound 
waves from the body and into a built-in sensor element/acoustoelectric transducer 
unit directly through an acoustical adaptation/transformation medium and to the 
io very transducer member in such a manner that sound pressure is distributed 
uniformly over the sound receiving area of the transducer member. Besides, it is 
attempted to minimize attenuation and to achieve as wide a range of audible 
sounds as possible, into the transducer member, 

A design as just mentioned differs clearly from all previously known sensor 
is systems in which sound is transmitted through air, and it differs clearly from 

contact through a peg, in that the area for sound reception from the body is much 
larger. The invention is also distinguished from ultrasound type devices that 
operate with frequencies far beyond what the viscoelastic sensor is able to deal 
with, and the ultrasound systems utilize a gel in a quite different manner to provide 
20 contact against the skin, such as previously mentioned. 

The invention also is distinguished from sound transmission in viscous 
elements such as indicated in the US patents belonging to Kroll/Brewer et al, since 
critical features of the invention are constituted by very different geometrical 
features. 

2s It is to be noted that such a viscoelastic sensor differs from hydrophones in 

the fact that whereas traditional hydrophones receive a sound pressure from its 
outside, the present viscoelastic sensor operates with an internal transmission 
medium, so that better possibilities are provided for stethoscopic use, in that a 
larger area is isolated for sound transmission. 

3o Furthermore, immunity toward external sounds is one of the important ideas 

that have formed a basis for generating the present invention. In cases of 
accidents and emergencies it jmay be difficult for a doctor to make a diagnosis by 
auscultation, since a lot of external and disturbing sounds may arrive from 
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machines, engines, shouting etc. Due to the high impedance of the viscoelastic 
sensor, airborne, external sound is attenuated. This helps the doctor in focusing 
on sounds from the body. Such a feature cannot be found in traditional stetho- 
scopes, or in stethoscopes based on microphones, or having diaphragms in 

s connection with a peg arrangement. 

Immunity to an "accelerometer effect" is another novel feature, Isocentrical 
design of the sensor provides isolation against mechanical vibrations due to 
handling or operation of the viscoelastic sensor An acceleration force in a 
direction causing a voltage response, will also induce an opposite force to the 

io sensing element and thereby result in a voltage having the opposite polarity, and 
in this manner the noise signal is attenuated. 

Good isolation toward external electromagnetic fields is very important with 
regard to reduction of noise that may disturb the diagnosis function. This is a 
feature that is novel for the present viscoelastic sensor, as compared to traditional 

j 5 hydrophones. 

In the following, the invention shall be explained in more detail by describing 
embodiments thereof, and while referring to the appended drawings, where 

fig. 1 shows an example of a viscoelastic unit constituting part of a sensor in 
accordance with the invention, 
20 fig. 2 shows a back piece designed to be adapted to the viscoelastic unit in 

fig. 1, 

fig. 3 shows an embodiment of a sensor in accordance with the invention, in 
an exploded view to show clearly the parts included in the sensor, and 

fig. 4 shows the same embodiment of the sensor as shown in fig. 3, 
25 mounted into a stethoscope module. 

To take a closer look at the specific embodiments, it is first referred to fig. 1. 
Fig. 1 shows a compact body 2 having a cylindrical outer shape, in a side view and 
in a view from above. The cylinder body 2 has an inner bore/cavity with an 
opening from the bottom side. The shape of the bore/cavity is quite eomple- 
30 mentary to the shape of the top sections of the back piece 1 appearing in fig. 2, 
which back piece is to be discussed more thoroughly below. On top the cylinder 
body 2 ends with a substantially plane or somewhat arcuate surface* which 
surface is the intended reception surface for sound from a body area. The bulk 
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part of the cylinder body 2 is constituted substantially by a homogenous and 
viscoelastic material 20, the preferred materia! 20 being rubber, i.e. the cylinder 
body 2 may preferably be made of cast rubber, preferably silicone rubber. 

In fig. 2 appears a back-piece 1 designed to cooperate with the cylinder 

5 body 2. At its bottom/rear end, the hard back piece 1 has a base part 12 in the * 
form of a slab, and protruding upward from the slab a narrowed neck-like part 13 
which in its turn supports a head part having a larger diameter. All these parts/ 
sections of back piece 1 are shaped cylindricafly and coaxially, but at the front/top 
end the head part has the shape of a conical surface 1 1 . 

io It appears clearly that by forcing the head part with its conical tip 1 1 into the 

cavity in the cylinder body 2, the rubber mass 20 will snap in place around the 
head part and the narrowed part 13, in such a manner that close engagement is 
achieved for the viscoelastic material 20 against the back piece 1 along all 
surfaces. j 

is The back piece 1 is preferably made of metal, and constructed as an 

integral body. The most important quality of the back piece 1 is that it is able to 
provide a uniform sound pressure to a (so far not mentioned in particular) 
surrounding acoustoelectric transducer member. This is a reason behind the 
conical shape of the top/forward part of the back piece. In addition to sound 

ao reflecting characteristics, i.e. the fact that the material is hard, it is favorable to 
have good screening characteristics against electromagnetic radiation in toward 
the actual transducer member and its signal leads, and it is therefore preferable to 
manufacture the back piece of metal, at least base part 12. 

In fig, 3 appears, in an exploded view, an example of a design of a sensor 

25 part in accordance with the invention. The two top parts 1 and 2 are the parts just 
mentioned in connection with figs. 2 and 1. The next part is a doubte-sided 
adhesive tape 3 that is not necessary, but may provide an improved attachment 
for an external piezoelectric foil 4, in the example shown a rectangular sheet with 
adapted length, to be laid tightly, around adhesive tape 3 or directly onto visco- 

30 elastic body 2, and which is held tight together using a piece of adhesive tape 5. 
The sensor foil 4 constitutes the acoustoelectric transducer member of the sensor, 
and is normally equipped with thin (not shown) signal leads attached to inside and 
outside. 
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The embodiment appearing here is based on the use of two piezoelectric 
foils, and outside foil 4 there is therefore an electrically conductive tape 6, which is 
preferably also a double-sidect adhesive tape. The conductive tape 6 provides 
electric contact between the outside of the inner piezoelectric foil 4 and a second 
s piezoelectric foil 7 that is placed outside tape 6. An adhesive tape 8 holds the 
edges of foil 7 in toward each other, in the same manner as tape 5 across the 
opening of foil 4. 

Reference numeral 9 indicates a symbolized circuit connected to the in- and 
outside of one of the piezoelectric foils, for collecting and processing signal 

io voltages from the foil. In this example, actually a signal wire should also lead to 
the inside of foil 4, in order to make use of a signal from both foils 4 and 7. 

The piezoelectric foils 4 and 7 that have been shown, appear in the 
example in fig, 3 as rectangular "sheets" to be laid round a cylindrical shape. 
However, it is also possible to use cylindrical foils, which must then be threaded 

is tightly outside the viscoelastic body 2, This operation may be a little difficult. 

It should be noted that the invention also accommodates other types of 
acoustoelectric transducers than piezoelectric foils, and another preferred trans- 
ducer type is a piezoceramic ring, which is somewhat more rigid than a foil, since it 
is made from a ceramic material, but operating in accordance with the same 

20 principle, Le. by generating a voltage difference between in- and outside when 
there is a pressure influence from the inside. 

In fig. 4 appears a section through a stethoscope sensor module 15, which 
is the hand-held instrument used by a doctor for sensing directly from the skin or 
tissue surface of a patient. A sensor part 10 of the type appearing exploded in fig. 

25 3 f is a central part mounted inside the sensor housing 16 of the sensor module, in 
such a manner that the forward, substantially flat surface of the viscoelastic body 
2 can be made to engage e.g. the skin surface to pick up sound pressure 
variations. Reference numeral 17 refers to a hand grip part or a main body for 
sensor module 15, numeral 18 refers generally to electronic circuitry for signal 

30 processing and amplification in the module, while switches and warning lamps are 
generally indicated by reference numeral 19. 

The operating mode of the viscoelastic sensor consists in picking up sound 
waves from the tissue or skin in front of viscoelastic body 2, whereby sound is 
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transmitted into the viscoelastic/viscous medium 20, In the viscoelastic medium 
20, the sound energy creates <a variable or dynamic pressure toward the inside of 
the acoustoelectric transducer member 4, 7, and the pressure results in a 
mechanical tension (stress) in transducer member 4, 7, which in its turn generates 

5 electrical voltage directly. Th§ voltage change then takes place with the same 4 
frequency and phase as the sbund wave. The alternating voltage generated, is 
the signal that can be amplified, shaped, filtered and modified in various manners 
in the electronic circuits 18, in such a manner that it is simple to handle or transfer 
to other electronic devices. 

io The present sensor has been described in a form that can be utilized in a 

stethoscope, for ordinary diagnostic activity on human bodies. The contact area 
for picking up sound waves from the body can be shaped as desired, by deciding 
the diameter of the sensor body 2. The diagnostic activity can also be carried out 
with an embodiment of the invention utilizing a piezoceramlc transducer member 

15 having medium to high sensitivity surrounding a viscoelastic silicone material. 
With small variations in configuration and materials, the same concept can be 
implemented both for use in stethoscopes and for use in instruments to be placed 
inside the body. The operating range of the sensor is in the sound range 20 Hz~ 
22 kHz, with an extension option to a range 0 Hz-30 kHz for special purposes. 
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CLAIMS 

1 . Sensor for picking up sound from a body, comprising 

an acoustoetectric transducer member (4, 7) for converting sound vibrations 
5 to electrical output signals, and 

a viscoelastic unit (2) arranged as an adaptation medium between a body 
surface and the transducer member (4, 7), and in such a manner that a 
front surface of said unit (2) is arranged to be brought to direct engagement 
with the body surface, 
10 characterized in that 

said acoustoeiectric transducer member is constituted by at least one 
piezoelectric member (4, 7) surrounding tightly the lateral surface of the 
viscoelastic unit, said viscoelastic unit (2) having a cylindrical outer shape, 
and that 

i5 - the viscoelastic unit engages tightly in its rear end area a hard back piece 

d). i 

2, The sensor of claim 1 f 

characterized in that said acoustic transducer member is constituted by 
2o at least one thin piezoelectric foil (4, 7). 

2. The sensor of claim 2, 

characterized in that said acoustic transducer member is constituted by 
two concentrically arranged piezoelectric foils (4, 7), possibly having an electrically 
25 conductive foil (6) therebetween. 

4. The sensor of claim 3, 

characterized in that the intermediate electrically conductive foil is 
constituted by a double-sided adhesive and electrically conductive tape (6). 

30 
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5. The sensor of one of claims 2^4, 

characterized in that said piezoelectric foil is constituted by a flat foil laid 
around the viscoelastic unit in such a manner that adjacent edges are fixed by an 
adhesive tape. 

s 

e 

6. The sensor of one of claims 2-4, 

characterized in that the piezoelectric foil/the piezoelectric foils have a 
cylindrical shape, and have been threaded tightly onto the viscoelastic unit. 



io 7, The sensor of claim 1 , 

characterized in that the acoustic transducer member is constituted by a 
ceramic ring with a piezoelectric effect. 

8. The sensor of one of the previous claims, 

is characterized in that said back piece (1 ) and said viscoelastic unit (2) in 
the rear end area have precisely complementary shapes comprising an interface 
that is substantially conically shaped and pointing in a forward direction. 

9. Use of a sensor as defined in one of the previous claims, as a sensor 
20 element in an electronic stethoscope. 

1 0. An electronic stethoscope comprising a head set with ear phones having 
loudspeakers, a hand-held sound pick-up module (15) with a sensor element (10) 
and electronic amplifier circuitry (18), as well as a connection lead between said 

25 module (15) and said headset, 

characterized in that the sensor element (10) is a sensor for picking up 
sound from a body, comprising 

an acoustoelectric transducer member (4, 7) for converting sound vibrations 
to electric output signals, and 
30 a viscoelastic unit (2) arranged as an adaptation medium between a body 

surface and said transducer member (4, 7), and in such a manner that a 
front surface of said unit (2) is arranged to be brought to direct engagement 
with the body surface* 
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said acoustoelectric transducer member being constituted by at least one 
piezoelectric member (4 ( 7) surrounding tightly the lateral surface of the 
viscoelastic unit said viscoelastic unit (2) having a cylindrical outer shape, 
and 

5 - said viscoelastic unit (2) engaging tightly in its rear end area a hard back 
piece (1). 
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ownership of all the claims at the time the last claimed invention was made, should be submitted. 

My residence* post office address and citizenship are as stated below, next to my name, I believe 
that I am the original, first and sole investor (if only one name is listed below) or an original, first 
and joint inventor (if plural names are listed below) of the subject matter that is claimed, and for 
which a patent is sought on the invention entitled; 

TITLE OF INVENTION 

SOUND PICKUP SENSOR 



SPECIFICATION IDENTIFICATION 

the specification of which' (complete (a) t fa or (c)) 
I I (a) is attached hereto. 

□ fb) was filed on as Q Serial No. or □Express 

Mail No. (as Serial No. not yet known) 

□ (c) was described and claimed in PCT International Application No, PCT / NQ99 /° 03 61 

filed on 1 Dec.l9 $fld as amended under PCT Article 19 on 

(if any). \ 



31. WAY/2001 14:29 



BRYN & AARFLOT A3 +47 22003131 



NO. 2640 P. 3 



1 

ACKNOWLEDGEMENT OF REVIEW OF PAPERS AND DUTY OF CANDOR 

I hereby stale that I have reviewed and, understand the contents of the above-identified 
specification, including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose infoimatpn, which is material to patentability as defined in 
37, Code of Federal Regulations, § 1 .56, 

(also check the following Hems, if desired) 

Q and which is material to the examination of this application, namely, information 
where there is a substantial likelihood that a reasonable Examiner would consider it 
important in deciding whether tp allow the application to issue as a patent, and 

PI in compliance with this duty, there is attached an information disclosure statement, 
in accordance with 37 CFR 1.9^ 

PRIORITY CLAIM «5 U.S.C § 119(aMd» 

I hereby claim foreign priority benefits under Title 35, United States Code, § 1 19(a)-(d) of any 
foreign application(s) for patent or inventor's certificate or of any PCT international 
application^) designating at least one country other than the United States of America listed 
below and have also identified below any foreign applications) for patent or inventor's certificate 
or any PCT international application^) designating at least one country other than the United 
Slates of America filed by me on the same subject matter having a filing date before that of the 
application^) of which priority is claimed, ,j 

(complete (d) or (e)) 

I I (d) no such applications have been filed. 

(e) such applications have been filed as follows, 

Note; Where item (c) is entered above and the inii national application which designated the U.S. itself claimed 
priority check item (e) t enter the details beloM and make the priority claim, 

f i 

PRIOR FOREICN/PCT APPLICATIONS) FILED WITHIN 12 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS APPLICATION 
AND ANY PRIORITY CLAIMS UNDER 55 U.S.C. § 119(aHd) 



COUNTRY (OR 
INDICATE IF PCT 


APPLICATION^ 
NUMBER 


DATE OF FILING 
(day/month/year) 


PRIORITY 
CLAIMED UNDER 
35 USC U9 


Norway 


1998 5642 I 


3 Dec. 1998 


S3 YES NOC] 




t 

* T 




□ yes noD 



CLAIM FOR BENEFIT OF PRIOR U.S. PROVISIONAL APPLICATIONS) 
(34 U.S.C. § 119(e)) 



I hereby claim the benefit under Title 35, United States Code, § 119(e) of any United States 
provisional applications) listed below: >, 



PROVISIONAL APPLICATION NUMBER 


FILING DATE 











3 1.-MAYr 200 1 -14:29 B R YIM & AARF LO-T AS +47 22003 1 31 



NO. 2640 P. 4 



ALL FOREIGN APPLICATIONS), IF ANY, FILED MORE THAN 12 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS U.S. APPLICATION 



baa 



Note: //the application filed more than 12 months from the filing date of this application is a PCT filing forming 
the basis for this application enuring the United States as (I) the national stage or (2) a continuation, 
divisional, or continuation-in-part, then also complete ADDED PAOBS TO COMBINED DECLARATION 
AND POWER OP ATTORNEY FOR DIVISIONAL, CONTINUATION OR CIP APPLICATION for benefit 
of the prior U-S, or PCT applications) L under 35 V.SC § 120. 



POWER OF ATTORNEY 

I hereby appoint the following practitioners) to prosecute this application and transact all 
business in the Patent and Trademark Office connected therewith (list name and registration number). 

\\ 

Thomas F> Peterso n, 24790^ Richard* J. $ir®*^J252§$i Donald P. ReynoldV-26220; W. 
Dermis Drehkoff^ZiaS^Vangelis E6onomouT-32£&£ Paul B. Westr-l£a£7; Joseph H. 
Handelman (U ^2£LLZ9j Peter D. GailoWay 22a&5; John Richardsr-3^503; lain C. Baillre, 
240§p; Richard P, Berg, 28145 



□ Attached, as part of this declaration and power of attorney, is the authorization of the 
above-named practitioner(s) to accept and follow instructions from my representative^). 



SEND CORRESPONDENCE TOj 

Thomas F. Peterson 

c/o Ladas & Parry 

224 South Michigan Avenue 

Suite 1200 

Chicago, Illinois 60604 



DIRECT TELEPHONE CALLS TO: 

(Name and telephone number) 



(312> 427-1300 



DECLARATION 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
Statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. , 



SjGNATUREfS) 



Full name of sole inventor 

Birger 



(Middh Initial or Name) 



ORTEN 



(GlvctFttonc) 

Inventor's signatur e " 

Date May 28, 2001 _ Cm ^ y ftf Citizcnship Norwav 

Residenc e . Ak S und>Norw a v U() X 



(PamTiytDr Last) Name) 



Post Office Address p -°- Box 9156 I Vegsund , N-6022 Alesund, Norway" 



